Research on the aetiology of Raynaud's disease and phenomenon has been hindered by the difficulty of provoking attacks in the laboratory. A study was therefore conducted in which digital and ambient temperatures, electrocardiograms, and stress ratings were obtained during ambulatory monitoring in patients with idiopathic Raynaud's disease, Raynaud's phenomenon secondary to scleroderma, and in normal subjects. In Raynaud's disease about one third of the vasospastic attacks were associated with tachycardia and increased stress ratings without declines in ambient temperature. In contrast, cold alone was enough to provoke most attacks of Raynaud's phenomenon in scleroderma.
Introduction
The symptoms of Raynaud's disease and phenomenon consist of episodic vasospasms in the fingers and toes precipitated by cold or emotional stress, or both. When these attacks occur in the presence of identifiable pathological processes the term Raynaud's phenomenon is used. This is the case for a variety of diseases such as scleroderma, where Raynaud's attacks occur in over 95% of patients.' When the attacks occur in the absence of identifiable pathological processes the term Raynaud's disease is used. In either case the aetiology is unknown, although several theories have been put forward to explain the underlying mechanisms. Raynaud2 originally hypothesised an overactivity of the sympathetic nervous system leading to an increased vasoconstrictor response to cold or intense emotion, while Lewis3 postulated a "local fault," in which precapillary resistance vessels were hypersensitive to local cooling.
Raynaud's concept of autonomic overactivity was similar to that of Selye,4 who emphasised the "repeated elicitation of the generalised alarm reaction" in the development of stress related disorders. This reaction consists of increased heart rate, muscle tension, skin conductance, and peripheral vasoconstriction. While Selye emphasised the generalised alarm reaction, subsequent workers called for studies on the differential patterns of responses to various types of stressors in contrasting groups of patients.'
Although much laboratory work has been done on the effects of cold in Raynaud's disease and phenomenon,6-13 less attention has been paid to the role of emotional stress. Mittelmann (3 5 beats/min) did accompany those Raynaud's disease attacks which occurred above the average rating of stress. This occurred in 37°of the attacks. In patients with Raynaud's disease attacks occurring above the average stress rating were associated with higher finger temperatures than those occurring below it (22 7°C v 20 2°C; pl 005; Student's t test); this was not so in the patients with scleroderma.
Discussion
In this investigation patients with Raynaud's disease had significantly lower finger temperatures and higher levels of reported stress than normal subjects. Significant increases in stress were reported in conjunction with vasospastic attacks in these patients. (It should be noted that the patients were instructed to estimate the amount of stress that they were experiencing just before the attacks.) Increases in stress ratings and heart rate occurred in 39% and 37o% of attacks in the Raynaud's disease group. Declines in ambient temperature were not detected during 340°of attacks in that group. It is thus reasonable to infer that about one third of the attacks in our patients with Raynaud's disease were precipitated by emotional stress. This is consistent with the fact that emotional stress causes tachycardia and digital vasoconstriction 2 26 in normal subjects and with findings that anxiety and subjective ratings of stress are higher in patients with Raynaud's disease during symptomatic than asymptomatic periods.'6 In our study Raynaud's disease attacks which occurred above the average stress rating were accompanied by significantly higher finger temperatures than those occurring below it. Hence the addition of an emotionally stressful stimulus may cause an attack at a level of blood .'.
.A.
.A flow which was insufficient to produce an attack in the absence of stress. Mittelmann and Wolff found an analogous relation in one patient with Raynaud's phenomenon in the laboratory.14 In contrast to the vasospastic attacks of Raynaud's disease, those occurring in scleroderma were almost always accompanied by declines in ambient temperature but not by increases in reported stress. Thus cold alone appears to be enough to trigger most attacks of Raynaud's phenomenon in scleroderma. The continually raised stress ratings of the patients with scleroderma reflect chronic and significant emotional stress. Other diseases, such as cancer, are associated with emotional stress27 28 and it is not unreasonable to consider that a similar relation exists in scleroderma. The tachycardia accompanying Raynaud's phenomenon in scleroderma may indicate stress reactions which are caused by these attacks or by cold but are not discriminated by the patients.
Consistent with the hypothesis that patients with scleroderma have a different cold stress response from that of patients with Raynaud's disease are the results of our laboratory thermal stimulus procedure. There, exposure to a mild thermal stimulus produced increased frontalis muscle tension only in the patients with scleroderma. Since this increase occurred when the stimulus was warmest (30 'C) and the average finger temperature of the patients (29 9 C) was near the point of thermoneutrality for skin,28 it is unlikely that cold by itself caused this response. More probably this increase in muscle tension indicates a stress response to the threat of cold exposure. Tension of the frontalis muscle increases in response to the threat of electric shocks:" and during difficult cognitive tasks.31 If patients with scleroderma associate exposure to cold with tissue damage or pain, or both, it is possible that the expectation of this stimulus would be stressful.
Average levels of heart rate and skin conductance did not differ among the three groups in our study. Thus during nonattack periods evidence of generalised sympathetic hyperactivity (or hypoactivity) was not obtained in either group of patients. This does not agree with the results of Fries,3' who found sympathetic hypoactivity as evidenced by increased skin resistance that is, decreased conductance-in patients with scleroderma and those with Raynaud's phenomenon alone. This disparity may be explained by a methodological difference. Fries employed a simple ohmmeter to measure skin resistance rather than a constant current or constant voltage circuit. It has been shown33 that failure to control the amount of current through the skin results in non-linear measurements in subjects with high skin resistance. We avoided this problem by using a constant voltage circuit. The higher average respiration rate found in our patients with scleroderma is most easily explained by impaired pulmonary function rather than by stress or increased sympathetic activity.31
In conclusion our investigation, using ambulatory monitoring techniques, verifies previous anecdotal evidence that the vasospastic attacks of Raynaud's disease are precipitated by cold or emotional stress, or both. In contrast, almost all attacks of Raynaud's phenomenon in scleroderma could be explained by cold provocation alone. It is possible that, since our patients with scleroderma experienced most of their vasospastic attacks in response to cold stress, the conditioning history of these patients is different from that of patients with Raynaud's disease, who may have attacks in the absence of cold. Thus patients with scleroderma show an aspect of the alarm reaction, increased muscle tension, before cold exposure, while patients with Raynaud's disease show no such response. Further research on the underlying mechanisms of vasospastic attacks, emotional stress, and scleroderma may elucidate relations among these entities.
